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@ Apparatus for assembling an optical device. 

© A light source device emits light for positional 
alignment and light for adhesion toward the 
optical devices. A position detecting device re- 
ceives the light for positional alignment from 
the optical devices and optically detects a 
positional displacement of the optical devices. 
A positional alignment mechanism moves the 
optical devices with respect to each other in 
accordance with a detecting result of the posi- 
tion detecting device, thereby posrtionally align- 
ing the optica] devices. After the optical devices 
are posrtionally aligned, the light for adhesion is 
radiated to a photo-curing adhesive resin inter- 
posed between the optical devices, thereby 
adhering the optica) devices. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to an optical device s 
assemble apparatus for positionally aligning a set of 
optical devices including, for example, a matrix liquid 
crystal display device and a microlens array and for 
adhering the optical devices to each other with a pho- 
to-curing adhesive resin. w 

2. Description of the Prior Art 

These days, a liquid crystal display device includ- 
ing two substrates and a liquid crystal enclosed there- is 
between is employed not only in a direct vision display 
apparatus, in which an image on the display device 
can be seen, but also in a projection display apparatus 
for projecting an Image on a screen by transmitting a 
light through the display device. An example of the 20 
projection display apparatus is used for a projection 
TV. 

When an enlargement ratio for projecting the im- 
age on the screen is improved in the projection display 
device, the number of pixels of the liquid crystal dis- 25 
play device is required to be increased. Improving the 
enlargement ratio without increasing the number of 
the pixels results in an inferior quality image having 
lower precision. 

However, an Increase of the number of the pixels 30 
disproportionately enlarges a non-pixel area, which is 
not occupied by the pixels. Accordingly, the ratio of a 
black matrix covering the non-pixel area is height- 
ened, and the ratio of an area of the pixels forming an 
image is lowered. This means that the ratio of open- 35 
ings of the liquid crystal display device is lowered. 
Such a phenomenon darkens a display plane of the 
liquid crystal display device, thus deteriorating the dis- 
play quality. This problem is especially serious in an 
active matrix liquid crystal display device. 40 

Japanese Laid-open Patent Publication Nos. 60- 
165621 through 60-165624 disclose an apparatus for 
preventing such a deterioration of display quality 
caused by the reduction of the ratio of the openings. 
According to these patents, a liquid crystal display de- 45 
vice has a microlens array on a surface thereof. Since 
the microlens array includes microlenses arranged in 
correspondence with the pixels of the liquid crystal 
display device, the light which would be blocked by 
the black matrix without the microlens array is con- 50 
verged in the pixels. As a result, the display plane is 
brightened, which improves the display quality. 

Examples of this type of microlens include a serrv 
ispherical microlens having a semispherical concave 
portion on a surface of a substrate thereof and a flat 55 
microlens having a refraction factor distributed inside 
a substrate thereof. 

In such an apparatus, the microlens array is as- 



sembled with the liquid crystal display device. The ap- 
plicant of the present invention has disclosed an ex- 
ample of such assembly in Japanese Laid-open 
Patent Publication No. 1-187715. An ultraviolet ray- 
curing adhesive agent is painted all over a surface of 
one of the substrates, and microlenses are placed on 
the surface. Then, an ultraviolet ray is radiated to cure 
the adhesive agent, thus adhering the microlens array 
on the liquid crystal display device. 

The ultraviolet ray-curing adhesive agent is desir- 
able for the following reasons: 

(1) A substrate having the liquid crystal display 
device thereon and a substrate having the micro- 
lens array are possibly formed of different mate- 
rials. If a heat-curing resin is used as the ad hesive 
agent, the two substrates are possibly positional- 
ly displaced or separated from each other by a dif- 
ference in the coefficient of thermal expansion. 

(2) A resin which is cured at room temperature 
takes longer to cure and has a smaller adhering 
strength than the photo-curing or the heat-curing 
resin. 

The microlens array and the liquid crystal display 
device are required to be positionally aligned with high 
precision before being assembled. The positional 
alignment is conventionally done, for example, by a 
method used for positionally aligning two substrates 
of the liquid crystal display device. This method wfll be 
described with an example in which the two sub- 
strates of the liquid crystal display device are position- 
ally aligned. An electrode pattern is formed on an 
inside surface of each substrate. A cell gap between 
the substrates is set to be several micron meters. The 
substrates are moved with respect to each other by a 
microscopic distance so that markers formed in ad- 
vance on the substrates are included in an area of a 
depth of focus of the microscope. 

After the positional alignment is finished, the sub- 
strates are temporarily adhered to each other at sev- 
eral peripheral portions with an instantaneous 
adhesive agent or by partially curing the ultraviolet 
ray-curing resin with light radiation. Then, the sub- 
strates having a liquid crystal therebetween are heat- 
ed to cure a heat-curing resin for sealing the liquid 
crystal. As a result, the substrates are completely ad- 
hered. 

The aforementioned markers are formed by emit- 
ting a light from a halogen lamp, and the ultraviolet ray 
is emitted from a light source other than the halogen 
lamp. 

In the case that such a conventional method is 
used to paste the microlens array and the liquid crys- 
tal display device, there occurs the following problem. 
A marker which is formed on a surface having the mi- 
crolens array is to be aligned with one of the markers 
of the liquid crystal display device. The markers to be 
aligned have a gap therebetween, which corresponds 
to a thickness of the substrate having the above one 
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of the markers. Since an ordinary microscope cannot 
focus on both of the markers simultaneously, precise 
positional alignment cannot be done quickly. 

SUMMARY OF THE INVENTION 

The optical device assemble apparatus, for ad- 
hering a set of optical devices after the optical devices 
are positionaJly aligned, of this invention, which over- 
comes the above-discussed and numerous other dis- 
advantages and deficiencies of the prior art, 
comprises a light source device for emitting light for 
positional alignment and light for adhesion toward the 
optical devices; a position detecting device for receiv- 
ing the light for positional alignment from the optical 
devices and optically detecting a positional displace- 
ment of the optical devices; and a positional alignment 
mechanism for supporting the optical devices to be 
movable with respect to each other and positionally 
aligning the optical devices in accordance with a de- 
tecting result of the position detecting device. The 
light for adhesion is radiated to a photo-curing adhe- 
sive resin interposed between the optical devices 
which are positionally aligned to adhere the optical 
devices. 

In a preferred embodiment of the invention, the 
set of optical devices includes a microlens array and 
a matrix liquid crystal display device. The light source 
device comprises a first light source for emitting the 
light for positional alignment and a second light 
source for emitting the light for adhesion. The light 
emitted by the first light source is directed to be inci- 
dent on the optical devices from the side of the micro- 
lens array. The position detecting device receives a 
portion of the light for positional alignment emitted by 
the first light source, the portion having been transmit- 
ted through the optical devices. 

In a preferred embodiment of the invention, the 
set of optical devices includes a microlens array and 
a matrix liquid crystal display device. The light source 
device comprises a light source for emitting both the 
light for positional alignment and the light for adhesion 
and a shutter for cutting off the light for adhesion at a 
dosed state. The light for positional alignment is di- 
rected to be incident on the optical devices from the 
side of the microlens array through the shutter. The 
position detecting device receives a portion of the light 
for positional alignment emitted by the light source, 
the portion having been transmitted through the opti- 
cal devices. 

In a preferred embodiment of the invention, the 
light for positional alignment is a parallel light The 
position detecting device comprises a projecting de- 
vice for projecting a display plane of the matrix liquid 
crystal display device in an enlarged state. 

In a preferred embodiment of the invention, the 
light for positional alignment is a parallel light The 
position detecting device comprises monitoring 



means for monitoring a converging spot of microlens- 
es of the microlens array in an enlarged state. 

In a preferred embodiment of the invention, the 
set of optical devices includes a microlens array and 
5 a matrix liquid crystal display device. The light source 
device includes a first light source for emitting the light 
for positional alignment and a second light source for 
emitting the light for adhesion. The light emitted by the 
first light source is directed to be incident on the opt- 
to ical devices from the side of the microlens array. The 
position detecting device receives a portion of the 
light for positional alignment emitted by the first light 
source, the portion having been reflected by the opt- 
ical devices. 

is In a preferred embodiment of the invention, the 
set of optical devices includes a microlens array and 
a matrix liquid crystal display device. The light source 
device includes a light source for emitting both the 
light for positional alignment and the light for adhesion 

20 and a shutter for cutting off the light for adhesion at a 
closed state. The light for positional alignment is di- 
rected to be incident on the optical devices from the 
side of the microlens array through the shutter. The 
position detecting device receives a portion of the 

25 light for positional alignment emitted by the light 
source, the portion having been reflected by the opt- 
ical devices. 

In a preferred embodiment of the invention, the 
set of optical devices includes a microlens array and 

30 a matrix liquid crystal display device. The light source 
device includes a first light source for emitting the light 
for positional alignment and a second light source for 
emitting the light for lamination. The light emitted by 
the first light source is directed to be incident on the 

35 optical devices from the side of the matrix liquid crys- 
tal display device. The position detecting device re- 
ceives a portion of the light for positional alignment 
emitted by the first light source, the portion having 
been transmitted through the optical devices. 

40 In a preferred embodiment of the invention, the 
set of optical devices includes a microlens array and 
a matrix liquid crystal display device. The light source 
device includes a light source for emitting both the 
light for positional alignment and the light for adhesion 

45 and a shutter for cutting off the light for adhesion when 
at a closed state. The light for positional alignment is 
directed to be incident on the optical devices from the 
side of the matrix liquid crystal display device. The 
position detecting device receives a portion of the 

50 light for positional alignment emitted by the light 
source, the portion having been transmitted through 
the optical devices. 

In a preferred embodiment of the invention, the 
light for adhesion is emitted toward to the optical de- 

55 vices when the shutter is open. 

In a preferred embodiment of the invention, the 
light source device is operated in association with a 
state of the shutter and further comprises an aperture 
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device for, in a dosed state , allowing the light for posi- 
tional alignment emitted by the light source device to 
be in a state of light emitted by a point light source. 

In a preferred embodiment of the invention, the 
position detecting device monitors moird fringes 
formed by the light for positional alignment reflected 
by a black matrix of the matrix liquid crystal display de- 
vice and transmitted through microlenses of the mi- 
crolens array. 

In a preferred embodiment of the invention, the 
position detecting device monitors moird fringes 
formed by the light for positional alignment transmit- 
ted though an opening of a black matrix of the matrix 
liquid crystal display device and microlenses of the 
mlcrolens array. 

In a preferred embodiment of the invention, the 
position detecting device comprises switching device 
for switching conditions of the light for positional align- 
ment incident on the optical devices and adjusts a 
state of the moir6 fringes in accordance with the con- 
ditions of the light 

In a preferred embodiment of the invention, the 
switching device comprises a lens movable on a path 
of the light for positional alignment along the path of 
the light 

In a preferred embodiment of the invention, the 
switching device comprises a lens movable between 
a position on a path of the light for positional alignment 
and a position off the path. 

In a preferred embodiment of the invention, the 
switching device comprises a diffusing plate movable 
on a path of the light for positional alignment along the 
path of the light 

In a preferred embodiment of the invention, the 
switching devices comprises a diffusing plate mov- 
able between a position on a path of the light for posi- 
tional alignment and a position off the path. 

In a preferred embodiment of the invention, the 
diffusing plate comprises a microlens array. 

Thus, the invention described herein makes pos- 
sible the objective of providing an optical device as- 
semble device for positionally aligning and adhering 
optical devices easily and precisely with a simple con- 
struction. 



crolens array of a work piece are positionally aligned. 

Figure 4 is a view illustrating the moird fringes 
generated when the liquid crystal display device and 
the microlens array are displaced from each other at 
5 a certain angle. 

Figure 5 is a front view of an aligning mechanism. 

Figure 6 is a schematic view of a modified con- 
struction of the first example. 

Figure 7 is a front view of an optical shutter. 
10 Figure 8 is a schematic view of an optical device 
assemble apparatus according to a second example 
of the present invention. 

Figure 9 is a schematic view of a modified con- 
struction of the second example. 
15 Figure 1 0 is a schematic view of an optical device 
assemble apparatus according to a third example of 
the present invention. 

Figures 11a through 1 1d illustrate the relationship 
between light incident on the work piece and an ar- 
20 rangement of the liquid crystal display device and the 
microlens array. 

Figure 12 is a schematic view of a modified con- 
struction of the third example. 

Figure 13 is a schematic view of a construction 
25 equipped with another shutter. 

Figure 14 is a front view of the shutter in Figure 

13. 

Figure 15 is a front view of still another shutter. 
Figure 16 is a schematic view an optical device 
30 assemble apparatus according to a fourth example of 
the present invention. 

Figure 17 is a view illustrating the work piece 
equipped with a filter. 

Figure 18 is a view illustrating the work piece 
35 equipped with a diffusing plate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 The present invention will be described by way of 
illustrating embodiments with reference to the accom- 
panying drawings. 

Example 1 

Figure 1 illustrates an optical device assemble 
apparatus according to a first example of the present 
invention. 

A work piece 40 includes a matrix liquid crystal 
display device (hereinafter, referred to as the "LCD 
device") 42, and a microlens array 44, which are op- 
posed to each other. The LCD device 42 has a pair of 
substrates 41 and a black matrix 49 interposed there- 
between, and the black matrix 49 has openings 47. 
The LCD device 42 and the microlens array 44 are to 
be assembled. A pitch between the microlenses 46 
and a pitch between pixels of the LCD device 42 are 
equal to each other. A photo-curing adhesive resin 43 



45 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in art by reference to the accom- so 
panying drawings as follows: 

Figure 1 is a schematic view of an optical device 
assemble apparatus according to a first example of 
the present invention. 

Figure 2 is a view illustrating a principle of gener- 55 
ating moir6 fringes. 

Figure 3 is a view showing the moir6 fringes gen- 
erated when a liquid crystal display device and a mi- 
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Is pasted between the LCD device 42 and the micro- 
lens array 44. The LCD device 42 and the microlens 
array 44 are movable with respect to each other while 
keeping the photo-curing adhesive resin 43 there- 
between. 5 

In Figure 1, a light source 23 for light for positional 
alignment is disposed on the side of the LCD device 
42, and a light source 24 for light for adhesion is dis- 
posed on the side of the microlens array 44. 

The light emitted from the light source 23 is direct- 10 
ed toward the work piece 40 through a shortwave cut- 
ting filter 21. The light transmitted through the work 
piece 40 is incident on an alignment detecting device 
60 through a reflective mirror 13. The alignment de- 
tecting device 60 Is provided for monitoring moire is 
fringes generated by the light transmitted through the 
openings 47 and the microlenses 46. The positional 
alignment of the LCD device 42 and the microlens ar- 
ray 44 is conducted by monitoring the moir6 fringes as 
will be described later. 20 

After the positional alignment is completed, the 
reflective mirror 13 is removed, and the light for adhe- 
sion is radiated from the light source 24 to the work 
piece 40, thereby curing the photo-curing adhesive 
resin 43 to adhere the LCD device 42 and the micro- 25 
lens array 44. Employed as the photo-curing adhesive 
resin 43 in the first example is an ultraviolet ray-curing 
adhesive agent, practically, NOA-61 produced by 
Norland Corporation. 

The optical device assemble apparatus accord- 30 
ing to the construction of Figure 1 will be described in 
detail, hereinafter. 

The light source 23 includes a lamp 1 1 and a con- 
caved mirror 12. The light from the lamp 11 is con- 
verged to the concaved mirror 12 and is led to the 35 
shortwave cutting filter 21. Employed as the lamp 11 
is, for example, a mercury lamp, which emits light hav- 
ing both a component belonging to a short wavelength 
range (hereinafter, referred to as the "shortwave com- 
ponent") and a component belonging to a long wave- 40 
length range (hereinafter, referred to as the 
"longwave component"). The shortwave cutting filter 
21 blocks the shortwave component to which the 
photo-curing adhesive resin 43 is sensitive. There- 
fore, the lamp 11 may emit light including the short- 45 
wave and longwave components. The longwave 
component is used for positional alignment 

The light transmitted through the shortwave cut- 
ting filter 21 is led to the work piece 40. After transmit- 
ting through the openings 47 and the microlenses 46, 50 
the light is reflected by the reflective mirror 13 to be 
incident on the alignment detecting device 60. The 
alignment detecting device 60 includes a CCD cam- 
era 62, and a monitoring TV 63 for visualizing a signal 
from the CCD camera 62. As mentioned before, the 55 
light transmitted through the openings 47 and the mi- 
crolenses 46 forms the moire fringes. 

Figure 2 illustrates a principle of generating moire 



fringes. When the LCD device 42 superposed by the 
microlens array 44 is looked down from a position E 
having a height of H, the line of sight is incident on the 
microlenses 46 with different angles of incidence 4 de- 
pending on the pixels of the LCD devices 42. The mi- 
crolenses 46 and the pixels have a certain distance D 
therebetween due to the substrate 41 (formed of a 
glass) and other members. The focal distance of the 
microlenses 46 is matched to the distance D. When 
an observer intends to look at a point of one of the pix- 
els from the position E, the line of sight is incident on 
a center of the microlens 46 above the point by an an- 
gle of Incidence 4. When the line of sight reaches the 
LCD device 42, the intersection "a" is at a distance of 
D x tan<)> from the point "b" perpendicularly below the 
center of the microlens 46. The observer looks at the 
intersection "a" in actuality. 

In the case that the line of sight goes through the 
opening 47 as is indicated by (1) of Figure 2, the ob- 
server picks up a bright portion owing to the light 
transmitted through the work piece 40 from the light 
source 23. In the case that the line of sight is on the 
black matrix 49 as is indicated by (2), the observer 
picks up a dark portion because the light from the light 
source 23 is blocked. In this way, the moire fringes are 
generated as is shown in Figure 3. The moire fringes 
enable the observer to see the opening 47 of the pixel, 
which are too microscopic to see with the human eye. 
The moire fringes are monitored by the alignment de- 
tecting device 60 in an enlarged state. 

The positional alignment in the first example of I 
Figure 1 utilizes the principle that the shape of the! 
moire fringes greatly changes In accordance with the} 
degree of displacement of the pixels of LCD device 42 1 
and the microlenses 46. | 

For example, in the case when the openings 47I 
and the microlenses 46 are located at regular posi- 
tions thereof, namely, the LCD device 42 and the mi- 
crolens array 44 are positionally aligned, the light 
transmitted through the work piece 40 is shown as a 
bright portion M in Figure 3 at a center of a display 
plane of the monitoring TV 63. The bright portion M 
has an enlarged shape of the opening 47. In this state, 
the bright portion M has a largest possible area. 
(Namely, the converging spot of the microlens 46 is at 
the center of the opening 47 as is indicated by (3) of 
Figure 2.) 

In the case that the microlens array 44 is dis- 
placed at a microscopic angle with respect to the array 
of the pixels of the LCD device 42, a lot of small open- 
ings are displayed in an inclined state on the monitor- 
ing TV 63 as is shown in Figure 4. 

Accordingly, by moving one of the LCD device 42 
and the microlens array 44 with respect to each other 
so as to maximize the area of the bright portion M, the 
microlens array 44 and the LCD device 42 are posi- 
tionally aligned. When the size of the bright portion M 
equals a specified one, it is judged that the positional 
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alignment is completed, and the adhesion is conduct- 
ed as mentioned above. 

— ' By inserting a field lens 32 between the reflective 
mirror 13 and the CCD camera 62 or between the re- 
flective mirror 13 and the microlens array 44 as is s 
shown in Figure 1, the pitch between the bright por- 
tions can be varied in accordance with the focal dis- 
tance of the field lens 32. 

The positional alignment is practically conducted 
by operating an aligning mechanism 31 for moving the 10 
LCD device 42 or the microlens array 44 in X, Y and 
6 directions on a horizontal plane. As is shown in Fig- 
ure 5, the aligning mechanism 31 includes moving 
pieces 71 and 72, a rotating piece 73, and a fixing ta- 
ble 74. For example, the LCD device 42 is moved is 
along an X axis by the moving piece 71, is moved 
along a Y axis by the moving piece 72, and is rotated 
at an angle of 0 around a Z axis perpendicular to the 
X and Y axes by the rotating piece 73. In this case, the 
fixing table 74 fixes the microlens array 44 and sup- 20 
ports the LCD device 42. The microlens array 44 may 
be moved in the above way by the moving pieces 71 
and 72 and the rotating piece 73. In such a case, the 
fixing table 74 fixes the LCD device 42 and supports 
the microlens array 44. The moving pieces 71 and 72, 25 
and the rotating piece 73 are moved in the above- 
mentioned way by a motor 75. 

After the positional alignment is finished, the LCD 
device 42 and the microlens array 44 are adhered by 
radiating the light for adhesion. 30 

According to the construction of Figure 1, the 
positional alignment can be conducted quickly and 
precisely with a simple construction. 

Although the light source 24 is disposed on the 
side of the microlens array 44 in Figure 1, the light 35 
source 24 for adhesion may be disposed on the side 
of the LCD device 42. 

The light used both for positional alignment and 
adhesion may both be emitted from the lamp 11 using 
an optical shutter 20 as is shown in Figure 6. Since the 40 
moir6 fringes are generated by the light transmitted 
through the LCD device 42 and then through the mi- 
crolens array 44, the lamp 1 1 for emitting the light both 
for positional alignment and adhesion should be dis- 
posed on the side of the LCD device 42 and the align- 45 
ment detecting device 60 should be disposed on the 
side of the microlens array 44. In Figure 6, the identi- 
cal members with those of Figure 1 bear the identical 
reference numerals. 

The optical shutter 20 includes the shortwave cut- 50 
ting filter 21 and a motor 22. As is shown in Figure 7, 
the optical shutter 20 is closed when the shortwave 
cutting filter 21 is rotated to a specified position by the 
motor 22. In this state, the shortwave cutting filter 21 
blocks the shortwave component of the light emitted 55 
from the lamp 11 and allows only the longwave com- 
ponent to pass. The optical shutter 20 is opened when 
the shortwave cutting filter 21 is rotated to another 



position. In this state, the light including the shortwave 
and longwave components is allowed to pass. The 
optical shutter 20 is closed for positional alignment 
and is opened for adhesion. 

According to the construction of Figure 6, posi- 
tional alignment and adhesion can be performed by 
one light source (lamp 11). Therefore, the optical de- 
vice assemble apparatus can be compact and can be 
produced at a low cost 

Example 2 

Figure 8 illustrates an optical device assemble 
apparatus according to a second example of the pres- 
ent invention. 

In Figure 8, the light source 23 for light for posi- 
tional alignment and the alignment detecting device 
60 are disposed on the side of the microlens array 44, 
and the light source 24 for light for adhesion is dis- 
posed on the side of the LCD device 42. Moir6 fringes 
generated by the light reflected by the work piece 40 
are monitored by the alignment detecting device 60. 
The shortwave cutting filter 21 is disposed on the side 
of the microlens array 44, and a half mirror 33 is pro- 
vided instead of the reflective mirror 13, Except for 
these points, the construction of Figure 8 is identical 
with the construction of Figure 1. The work piece 40 
has the identical construction with that of the con- 
struction of Figure 1. The identical members with 
those of the construction of Figure 1 bear the identical 
reference numerals. 

The optical device assemble apparatus accord- 
ing to the construction of Figure 8 will be described in 
detail. 

The light emitted from the lamp 11 of the light 
source 23 is directed toward the work piece 40 
through the shortwave cutting filter 21 and the half 
mirror 33. 

The light incident on the work piece 40 is trans- 
mitted through the microlenses 46, is reflected by the 
black matrix 49, and then is transmitted through the 
microlens 46. In this way, the moir6 fringes are gen- 
erated. The light reflected by the work piece 40 is par- 
tially reflected to the right in Figure 8 by the half mirror 
33 and is incident on the CCD camera 62 through the 
field lens 32. Thus, the moir6 fringes are picked up by 
the CCD camera 62 and are displayed on the moni- 
toring TV 63 in an enlarged state. The positional align- 
ment is conducted by monitoring the moir6 fringes 
displayed on the monitoring TV 63. 

The positional alignment is practically done by 
operating the alignment mechanism 31 described in 
the first example. 

After the positional alignment is completed, the 
light is emitted from the light source 24 toward the 
work piece 40. Since such light is blocked by the black 
matrix 49, it is required to increase the amount of the 
light and to diffuse the light in order expand the light 
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to a portion of the photo-curing adhesive resin 43 
shadowed by the black matrix 49. In this way, the pho- 
to-curing adhesive resin 43 is wholly cured. As the 
photo-curing adhesive resin 43, the ultraviolet ray- 
curing adhesive agent practically, NOA-61 produced 5 
by Norland Corporation is used. 

By inserting the field (ens 32 between the half mir- 
ror 33 and the CCD camera 62 or between the half 
mirror 33 and the work piece 40, the pitch between the 
bright portions of the moire fringes is varied in accor- 10 
dance with the focal distance of the field lens 32. By 
selecting a desirable pitch, the positional alignment 
can more easily be done. The construction of Figure 
8 has the same effects as those of the first example. 

The light source 24 for the light for adhesion may 15 
be disposed on the side of the micro I ens array 44. In 
such a case, the light used both for positional align- 
ment and adhesion may both be emitted from the 
lamp 11 the optical shutter 20 equipped with the short- 
wave cutting filter 21 as is shown in Figure 9. (In Fig- 20 
ure 9, the identical members with those of Figure 8 
bear the identical reference numerals.) 

Providing a light absorber 61 on the side of the 
LCD device 42 is desirable for the following reason: 
When an observer looks at the display plane of the 25 
monitoring TV 63 perpendicularly after the positional 
alignment is completed, an opening 47 can be seen 
at the center of the display plane as a bright opening. 
However, a peripheral portion of the opening 47 is 
bright since the light is reflected by the black matrix 30 
49. Accordingly, the contrast between the opening 47 
and the peripheral portion of the opening 47 is low- 
ered, and moire fringes are hard to watch. The light 
absorber 61 solves such inconvenience and clarifies 
the display plane. As a result, more accurate position- 35 
al alignment is realized. 

Example 3 

Figure 10 illustrates an optical device assemble 40 
apparatus according to a third example of the present 
invention. 

The lamp 11 for emitting light used both for posi- 
tional alignment and adhesion is disposed on the side 
of the microlens array 44. A screen 19 is disposed on 45 
the side of the LCD device 42. The work piece 40 has 
the identical construction with that of the first example. 

The concaved mirror 12 is disposed in the vicinity 
of the lamp 11. The light emitted from the lamp 11 is 
converged by the concaved mirror 12 and directed to- 50 
ward the optical shutter 20 through the reflective mir- 
ror 13. Since the optical shutter 20 blocks the 
shortwave component for curing the photo-curing ad- 
hesive resin 43, the light transmitted through the opt- 
ical shutter 20 is usable only for positional alignment. 55 
Then, the light is focused by an integrator 14, is re- 
flected by a reflective mirror 15, and is transmitted 
through a field lens 66. The field lens 66 is provided 



for varying a state of the light from a converged state 
to a to diffused state. After transmitting through the 
field lens 66, the light is directed to the work piece 40. 
The light transmitted through the microlenses 46 and 
the openings 47 generates moire fringes, which are 
projected on the screen 19 through the projecting lens 
1 7 and a reflective mirror 18. The positional alignment 
is conducted by monitoring the moire fringes on the 
screen 19. 

The field lens 66 is movable along the path of the 
light A incident on the field lens 66. By moving the field 
lens 66 by a known mechanism (not shown), the inci- 
dent light is adjusted from the converged state to the 
diffused state including the parallel state. 

The moire fringes are adjusted to a desirable size 
by adjusting the state of the light incident on the work 
piece 40 from the converged state to the diffused 
state. For instance, in the case when the pitch be- 
tween the openings 47 and the pitch between the mi- 
crolenses 46 are not matched, the light is adjusted to 
run in parallel. In the case the above pitches are 
matched, the light is converged. 

In the former case, a converged light is undesir- 
ably transmitted through the microlenses 46 and the 
openings 47 (Figure 11a), but a parallel light is partial- 
ly reflected by the black matrix 49 (Figure 11b), there- 
by generating the moire fringes. In the latter case, a 
parallel light is undesirably transmitted through the 
microlenses 46 and the openings 47 (Figure 11c), but 
a converged light is partially reflected by the black ma- 
trix 49 (Figure 11d), thereby generating the moire 
fringes. 

In the case that the moire fringes are displaced 
from a specified position on the screen 19, that fact 
means the LCD device 42 and the microlens array 44 
are not positionally aligned. The specified position is 
determined in advance by the use of a sample work 
piece produced by accurately aligning an LCD device 
and a microlens array. The specified position may be 
obtained by calculation. The positional alignment is 
done by operating the aligning mechanism 31 to lo- 
cate the moire fringes at the specified position. 

Instead of the field lens 66, a collimator lens may 
be used. In such case, a converging lens or a diverg- 
ing lens is inserted on the path of light A on an incident 
side or an outgoing side of the collimator lens. 

After the positional alignment is completed, the 
shutter 20 is opened to allow the light including the 
shortwave and longwave components to pass. Thus, 
the light including the shortwave component is radiat- 
ed to the photo-curing adhesive resin 43, thereby ad- 
hering the LCD device 42 and the microlens array 44. 
As the photo-curing adhesive resin 43, the ultraviolet 
ray-curing adhesive agent, practically, NOA-61 pro- 
duced by Norland Corporation is used. 

According to the construction of Figure 10, posi- 
tional alignment and adhesion can be performed by 
one light source (lamp 11). Therefore, the optical de- 
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vice assemble apparatus can be compact and can be 
produced at a low cost 

Instead of projecting the moire fringes on the 
screen 19 v the positional alignment may be conducted 
by the use of an alignment detecting device 50. As is 5 
shown in Figure 10, the alignment detecting device 50 
includes a pair of objective lens 51 for converging the 
light transmitted through the work piece 40, a pair of 
CCD cameras 52, and a pair of monitoring TVs 53 re- 
spectively connected to the CCD cameras 52. Each 10 
monitoring TV 53 is provided for processing a signal 
from the respective CCD camera 52 in a specified way 
to display a converging spot of the microlens 46 in an 
enlarged state. The positional alignment is conducted 
by adjusting the converging spot to locate the center 1 5 
of the opening 47. 

It is necessary to avoid the relative rotation of the 
microlens array 44 and the LCD device 42 at an angle 
of 6° on a plane which is perpendicular to the optical 
axis of the objective tens 51 . For this purpose, the ob- 20 
jective lenses 51 and the CCD cameras 52 may be 
provided in a plurality, or an objective lens 51 and a 
CCD camera 52 may be moved integratedly along the 
X and the Y axes to monitor four corners of the work 
piece 40. 25 

The positional alignment by the use of the align- 
ment detecting device 50 has the same effects as the 
positional alignment by the use of the screen 19. The 
use of both of the screen 19 and the alignment detect- 
ing device 50 results in more accurate positional 30 
alignment 

As is shown in Figure 12, a diffusing plate 48 may 
be provided between the field lens 66 and the work 
piece 40 on the path of light A. The diffusing plate 24 
is inserted in a direction crossing the path of light A by 35 
a mechanism (not shown). In Figure 12, the identical 
members with those in Figure 1 0 bear the identical ref- 
erence numerals. 

The diffusing plate 48 is provided for diffusing the 
lightfrom the field lens 66 before being incident on the AO 
work piece 40, whereby the moir6 fringes disappear 
from the screen 19. 

The field lens 66 is fixed at a position where the 
moire fringes are generated. The positional alignment 
is conducted by controlling the generation of the moire 45 
fringes by inserting the diffusing plate 48. Owing to the 
diffusing plate 48, the moire fringes disappear from 
the screen 19. Accordingly, foreign objects acciden- 
tally put between the LCD device 42 and the micro- 
lens array 44 can be detected, thus realizing more 50 
accurate positional alignment 

As the diffusing plate 48, a frosted glass is gen- 
erally used. In addition, a glass plate referred to as the 
"lemon skin" having an irregular concave and convex 
pattern on a surface thereof or a microlens array is 55 
used. Compared with the frosted glass, the lemon 
skin" and the microlens array advantageously bright- 
ens the display plane of the screen 19 for inspection. 



Instead of the optical shutter 20, a shutter 20* 
shown in Figures 13 and 14 may be used. According 
to the shutter 20\ the shortwave cutting filter 21 has 
an aperture 23 on a surface thereon. The aperture 23, 
which has a pin hole 23a, is operated in association 
with the opening and dosing operation of the short- 
wave cutting fflter 21. When the shortwave cutting fil- 
ter 21 is moved to such a position as to close shutter 
20', the light is blocked except for a portion thereof 
transmitted through the pin hole 23a. When the short- 
wave cutting filter 21 is moved to such a position so 
as to open the shutter 20*, the light is allowed to pass. 
In the former case, the light excluding the shortwave 
component is emitted in a state which is similar to that 
of a light emitted from a point light source. According- 
ly, substantially parallel light is obtained. As a result, 
the contrast of the moire fringes on the screen 19 is 
enhanced. 

Further, a shutter 20a shown in Figure 15 may be 
employed instead of the optical shutter 20. The shut- 
ter 20a includes a plate 20b having windows 20c and 
20d. A shortwave cutting filter 21 is fit in the window 
20c. In addition to the shortwave cutting filter 21, an 
aperture having a pin hole may be fit in the window 
20c. The plate 20b is controlled to stop after rotating 
by a motor (not shown) at 1 80°. 

Example 4 

Figure 16 illustrates an optical device assemble 
apparatus according to a fourth example of the pres- 
ent invention. 

Instead of the field lens 66, a collimator lens 16 
for running the light in parallel is provided. Except for 
this point, the fourth example has the identical con- 
struction with that of the construction of Figure 10. The 
work piece 40 has the identical construction with that 
of the construction of Figure 10. The pitch between 
the micro! ens es 46 and the pitch between the pixels 
are matched to each other. The identical members 
with those of Figure 10 bear the identical reference 
numerals. 

In Figure 16, a display plane of the tCD device 42 
is projected on the screen 19 in an enlarged state. The 
positional alignment is conducted by adjusting a 
brightness of the display plane projected on the 
screen 19. 

The light emitted from the lamp 11 is transmitted 
through an optical shutter 20. Since the optical shutter 
20 blocks the shortwave component for curing the 
photo-curing adhesive resin 43, the light transmitted 
through the optical shutter 20 is usable only for posi- 
tional alignment The light is run in parallel by a colli- 
mator lens 16 and is directed to the work piece 40. The 
light transmitted through the work piece 40 is project- 
ed on the screen 19 through the projecting lens 1 7 and 
the reflective mirror 18, thereby projecting the display 
plane of the LCD device 42 on the screen 19. 
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The light converged by the projecting lens 17 is 
reflected by the reflective mirror 1 8 and is projected on 
the screen 19 in an enlarged state. Since the project- 
ed display plane corresponds to the display plane on 
the LCD device 42, the positional relationship be- 5 
tween the LCD device 42 and the microlens array 44 
can be checked visually based on the brightness of 
the display plane. In the case when the light con- 
verged by the microlens 46 is transmitted through the 
center of the opening 47 (Figure 17), the display plane 10 
on the screen 19 has a highest possible brightness. 
In this state, the LCD device 42 and the microlens ar- 
ray 44 are positionally aligned. The positional align- 
ment is practically done by operating the aligning 
mechanism 31 to move the LCD device 42 or the mi- is 
crolens array 44 by a microscopic distance in such a 
direction as to obtain the brightest possible display 
plane on the screen 19. 

Since the ultraviolet ray-curing adhesive agent is 
employed as the photo-curing ad hesrve resin 43 in the 20 
fourth example, the filter 45 is employed as Is shown 
in Figure 1 7 for blocking an ultraviolet ray having a wa- 
velength of 400 nm or shorter, to which the ultraviolet 
ray-curing adhesive agent is sensitive. Owing to the 
filter 45, the photo-curing adhesive resin 43 is more 25 
reliably prevented from curing. 

After the positional alignment is completed, the ti- 
ter 45 is removed. The shutter 20 is opened to allow 
the light including the shortwave and longwave com- 
ponents to pass and is directed to the work piece 40. 30 
Thus, the light including the shortwave component is 
radiated to the photo-curing adhesive resin 43, there- 
by adhering the LCD device 42 and the microlens ar- 
ray 44. As the photo-curing adhesive resin 43, the 
ultraviolet ray-curing adhesive agent, practically, 35 
NOA-61 produced by Norland Corporation is used. 

In order to prevent the parallel light used to cure 
the photo-curing adhesive resin 43 from converging in 
the openings 47 (Figure 17), a diffusing plate 48 is 
provided (Figure 18). 40 

According to the fourth example, positional align- 
ment and adhesion can be conducted by one light 
source. Therefore, the optical device assemble appa- 
ratus can be more compact and can be produced at 
a lower cost Further, since the display plane of the 45 
LCD device 42 is projected on the screen 19 in an en- 
larged state, scratches on the microlens 46 or bubbles 
in the photo-curing adhesive resin 43 can be detected 
at the stage of positional alignment Therefore, the de- 
fection ratio is lowered and the yield ratio of the prod- 50 
ucts is enhanced. 

Instead of projecting the display plane of the LCD 
device 42 on the screen 19, the positional alignment 
may be conducted by the use of the alignment detect- 
ing device 50. In such case, the converging spot of the 55 
microlens 46 is monitored. 

After the positional relationship between the LCD 
device 42 and the microlens array 44 are visually 



checked utilizing the images formed on the monitoring 
TVs 53, the positional alignment is done by operating 
the aligning mechanism 31 until the light transmitted 
through each microlens 46 is converged at the center 
of the opening 47. 

It is necessary to avoid the relative rotation of the 
microlens array 44 and the LCD device 42 at an angle 
of 0° on a plane which is perpendicular to the optical 
axis of the objective lens 51 . For this purpose, the ob- 
jective lenses 51 and the CCD cameras 52 may be 
provided in a plurality, or an objective lens 53 and a 
CCD camera 52 may be moved integrated ly along the 
X and the Y axes to monitor four corners of the work 
piece 40. 

The positional alignment by the use of the align- 
ment detecting device 50 has the same effects as the 
positional alignment by the use of the screen 19. the 
use of both of the screen 19 and the alignment detect- 
ing device 50 results in more accurate positional 
alignment 

In the construction in which the light source for the 
light for positional alignment is disposed on the side 
of the microlens array 44 and the display plane of the 
LCD device 42 and the converging spot of the micro- 
lens 46 are detected after the light is transmitted 
through the LCD device 42, light for positional align- 
ment and fight for adhesion may be emitted from dif- 
ferent light sources. In such a case, the light for 
positional alignment is emitted from the light source 
disposed on the side of the microlens array 44, and 
the light for adhesion is emitted from the light source 
disposed on the side of the LCD device 42. Only the 
light for positional alignment is required to transmit 
through the collimator lens 16 to be run in parallel. 

In the case when the pitch between the micro- 
lenses 46 and the pixels are not matched, moire fring- 
es are generated by the parallel light transmitted 
through the microlenses 46 and the openings 47. In 
order to prevent such a phenomenon, an appropriate 
converged light or diverged light is incident on the 
work piece 40 by moving the collimator lens 16 along 
the path of the light incident on the collimator lens 1 6. 

In the fourth example, the shutter 20' or the shut- 
ter 20a may also be used instead of the shutter 20. 

In the first and the second examples, since the 
positional alignment is conducted by the use of moire 
fringes, parallel light is not necessary. Accordingly, 
the large system tor making the light run in parallel 
used in the fourth example is not necessary, thus re- 
alizing a more compact apparatus. 

In the case that the monitoring TV 63 is used, the 
optical device assemble apparatus is more compact 
than the case using the screen 19. 

In Examples 1 through 4, the work piece 40 in- 
cludes the LCD device 42 and the microlens array 44. 
The present invention may also be applied to a work 
piece having a different construction. 

In the case that the ultraviolet-ray curing adhe- 
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sive agent is employed as the photo-curing adhesive 
resin 43, the filter 45 is desirably employed for block- 
ing an ultraviolet ray having a wavelength of 400 nm 
or shorter, to which the ultraviolet ray-curing adhesive 
agent is sensitive. The more shorter the wavelength 5 
of the light is, the more harmful the light is to charac- 
teristics of the LCD device 42 and the like. Therefore, 
it is desirable to block, to a highest possible degree, 
the component which is shorter than is necessary for 
curing the adhesive agent As the ultraviolet ray-cur- 10 
ing adhesive agent, for example, NOA-61, 83 and 65 
produced by Norland Corporation, 363 and 349 pro- 
duced by Locktite Corporation and AVR-100 pro- 
duced by Three bond Corporation are used. 

As the photo-curing adhesive resin 43, an adhe- . 15 
sive agent formed of a visible light-curing resin may 
be employed. In such a case, a filter for cutting a light 
having such a wavelength as to cure the visible light- 
curing resin is used. For example, in the case that 
LCR produced by ICI Japan Corporation is used, a fi- 20 
ter for cutting a light having a wavelength of 520 nm 
or shorter is used. 

As the lamp 1 1 , a mercury lamp, a mercury xenon 
lamp, a metal halide lamp or a xenon lamp may be 
used. In the case that the visible light-curing adhesive 25 
agent is used, the xenon lamp is desirable. Light for 
positional alignment and light for adhesion may be 
emitted from different light sources and combined by 
a dichroic mirror. 

It is understood that various other modifications 30 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and 
spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be lim- 
ited to the description as set forth herein, but rather 35 
that the claims be construed as encompassing one or 
more of the features of patentable novelty that reside 
in the present invention, including ail features that 
would be treated as equivalents thereof by those ski- 
led in the art to which this invention pertains. 40 



Claims 

1 . An optical device assemble apparatus for ad her- 45 
ing a set of optical devices after the optical devic- 
es are positionaJly aligned, the optical device 
assemble apparatus comprising: 

light source means for emitting light for 
positional alignment and light for adhesion toward 50 
the optical devices; 

position detecting means for receiving the 
light for positional alignment from the optical de- 
vices and optically detecting a positional dis- 
placement of the optical devices; and 55 

a positional alignment mechanism for sup- 
porting the optical devices to be movable with re- 
spect to each other and positionally aligning the 



optical devices in accordance with a detecting re- 
sult of the position detecting means; 

wherein the light for adhesion is radiated to 
a photo-curing adhesive resin interposed be- 
tween the optical devices which are positionally 
aligned to adhere the optical devices. 

2. An optical device assemble apparatus according 
to claim 1, wherein the set of optical devices in- 
cludes a microl ens array and a matrix liquid crys- 
tal display device, the light source means 
comprises a first light source for emitting the light 
for positional alignment and a second light source 
for emitting the light for adhesion, the light emitted 
by the first light source is directed to be incident 
on the optical devices from the side of the micro- 
lens array, and the position detecting means re- 
ceives a portion of the light for positional 
alignment emitted by the first light source, the por- 
tion having been transmitted through the optical 
devices. 

3. An optical device assemble apparatus according 
to claim 1, wherein the set of optical devices in- 
cludes a microiens array and a matrix liquid crys- 
tal display device, the light source means 
comprises a light source for emitting both the light 
for positional alignment and the light for adhesion 
and a shutter for cutting off the light for adhesion 
at a closed state, the light for positional alignment 
is directed to be incident on the optical devices 
from the side of the microiens array through the 
shutter, and the position detecting means re- 
ceives a portion of the light for positional align- 
ment emitted by the light source, the portion 
having been transmitted through the optical de- 
vices. 

4. An optical device assemble apparatus according 
to any one of claims 2 and 3, wherein the light for 
positional alignment is a parallel light, and the 
position detecting means comprises projecting 
means for projecting a display plane of the matrix 
liquid crystal display device in an enlarged state. 

5. An optical device assemble apparatus according 
to any one of claims 2 and 3, wherein the light for 
positional alignment is a parallel light, and the 
position detecting means comprises monitoring 
means for monitoring a converging spot of micro- 
lenses of the microiens array in an enlarged state. 

6. An optical device assemble apparatus according 
to claim 1, wherein the set of optical devices in- 
cludes a microiens array and a matrix liquid crys- 
tal display device, the light source means 
includes a first light source for emitting the light for 
positional alignment and a second light source for 
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11. An optical device assemble apparatus according 
to claim 3, wherein the light source means is op- 
erated in association with a state of the shutter 
and further comprises aperture means for, in a 
closed state, allowing the light for positional align- 
ment emitted by the light source means to be in 
a state of light emitted by a point light source. 



emitting the light for adhesion, the light emitted by 
the first light source is directed to be incident on 
the optical devices from the side of the microlens 
array, and the position detecting means receives 
a portion of the light for positional alignment emit- s 
ted by the first light source, the portion having 
been reflected by the optical devices. 

An optical device assemble apparatus according 
to claim 1, wherein the set of optical devices in- w 
dudes a microlens array and a matrix liquid crys- 
tal display device, the light source means 
includes a light source for emitting both the light 
for positional alignment and the light for adhesion 
and a shutter for cutting off the light for adhesion 1 5 
at a closed state, the light for positional alignment 
is directed to be incident on the optical devices 
from the side of the microlens array through the 
shutter, and the position detecting means re- 
ceives a portion of the light for positional align- 20 



12. An optical device assemble apparatus according 
to any one of claims 6 and 7, wherein the position 
detecting means monitors moiri fringes formed 
by the light for positional alignment reflected by a 
black matrix of the matrix liquid crystal display de- 
vice and transmitted through microlenses of the 
microlens array. 

13. An optical device assemble apparatus according 
to any one of claims 8 and 9, wherein the position 
detecting means monitors moir6 fringes formed 
by the light for positional alignment transmitted 
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ment emitted by the light source, the portion 
having been reflected by the optical devices. 

8. An optical device assemble apparatus according 

to claim 1, wherein the set of optical devices in- 25 
dudes a microlens array and a matrix liquid crys- 
tal display device, the light source means 
indudes a first light source for emitting the light for 
positional alignment and a second light source for 
emitting the light for adhesion, the light emitted by 30 
the first light source is directed to be intident on 
the optical devices from the side of the matrix liq- 
uid crystal display device, and the position detect- 
ing means receives a portion of the light for 
positional alignment omitted by the first light 35 
source, the portion having been transmitted 
through the optical devices. 

9. An optical device assemble apparatus according 

to daim 1, wherein the set of optical devices in- 40 
dudes a microlens array and a matrix liquid crys- 
tal display device, the light source means 
indudes a light source for emitting both the light 
for positional alignment and the light for adhesion 
and a shutter for cutting off the light for adhesion 45 
when at a dosed state, the light for positional 
alignment is directed to be incident on the optical 
devices from the side of the matrix liquid crystal 
display device, and the position detecting means 
receives a portion of the light for positional align- 50 
ment emitted by the light source, the portion hav- 
ing been transmitted through the optical devices. 

10. An optical device assemble apparatus according 

to any one of daims 3, 7 and 9, wherein the light 55 
for adhesion is emitted toward to the optical de- 
vices when the shutter is open. 



though an opening of a black matrix of the matrix 
liquid crystal display device and microlenses of 
the microlens array. 

14. An optical device assemble apparatus according 
to anyone of daims 2 and 3, wherein the position 
detecting means comprises switching means for 
switching conditions of the light for positional 
alignment incident on the optical devices and ad- 
justs a state of the moir6 fringes in accordance 
with the conditions of the light 

15. An optical device assemble apparatus according 
to daim 14, wherein the switching means com- 
prises a lens movable on a path of the light for 
positional alignment along the path of the light 

16. An optical device assemble apparatus according 
to daim 14, wherein the switching means com- 
prises a lens movable between a position on a 
path of the light for positional alignment and a 
position off the path. 

17. An optical device assemble apparatus according 
to daim 14, wherein the switching means com- 
prises a diffusing plate movable on a path of the 
light for positional alignment along the path of the 
light 

18. An optical device assemble apparatus according 
to daim 14, wherein the switching means com- 
prises a diffusing plate movable between a posi- 
tion on a path of the light for positional alignment 
and a position off the path. 

19. An optical device assemble apparatus according 
to any one of daims 17 and 18, wherein the dif- 
fusing plate comprises a microlens array. 
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